Chinese Journal of Applied Entomology 2015, 52(2): 333-342.  DOI: 10.7679/.i1ssn.2095-1353.2015.036

b B S BE A B METOT AN R LI
TEAER LA AL

2" FAEE Ok 4 #HwRYL waEfx”

100093

# OE [BM]
(53] Armeniaca sibirica Salix caprea Brassica rapa
{3,3} 7 Bombus terrestris (L.)

9

[£R] 9
5
1715715
301 [%ig]

Xigin

Optimizing supplementary pollen mixtures for bumblebee Bombus
terrestris colonies based on colony reproductive variables
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Abstract [Objectives] To measure reproductive variables of bumblebee colonies and optimize supplementary pollen
mixtures based on these. [Methods] Three types of pollen, apricot (Armeniaca sibirica), willow (Salix caprea), and oilseed
rape (Brassica rapa) were mixed following a {3,3} mixture design to obtain seven pollen mixtures. Nine reproductive
variables including egg laying delay, larval ejection, total number of larvae, total weight of larvae, total number of pupae, total
weight of pupae, duration of the drone stage, total number and birth weight of drones in queen-less micro-colonies of Bombus
terrestris (L.) were measured and analyzed in colonies provided with the seven different supplementary pollen mixtures.
Principal component analysis was used to assess the information provided by each of the nine variables and pollen mixtures
were optimized using the mixture regression model. [Results] To evaluate the micro-colony development of B. terrestris the
nine variables can be categorized as either larval development, pupal development, drone development, or developmental cycle,
factors (including the total number of larvae, total weight of pupae, birth weight of drones, egg laying delay and duration of the

drone stage). Optimized pollen mixtures based on the five representative variables are: 1) oilseed rape pollen for colonies with
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the shortest egg laying delay, the highest total number of larvae, the greatest total weight of pupae, 2) 1 :1.5: 15
combination of apricot : willow : oilseed rape pollen for colonies with the shortest drone stage 3) 3 : 1 combination of
willow : oilseed rape pollen for colonies with the largest drone birth weight. [Conclusion] Reproductive variables of B.
terrestris micro-colonies can be measured and used to optimize supplementary pollen mixtures. These results should be useful
for further research on the nutritional requirements of different developmental phases of bumblebee colonies and for the
commercial production of bumblebees.

Key words Bombus terrestris, queenless micro-colony, development traits, principal component analysis, mixture regression
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Table 1 {3,3} mixture design under combination of the three different pollens
Pollen mixture
Pollen group Treatment
Armeniaca sibirica Salix caprea Brassica rapa
1 A 1.0000 0.0000 0.0000
2 S 0.0000 1.0000 0.0000
3 B 0.0000 0.0000 1.0000
4 S-B 0.0000 0.5000 0.5000
5 A-S 0.5000 0.5000 0.0000
6 A-B 0.5000 0.0000 0.5000
7 A-S-B 0.3333 0.3333 0.3333
A S B

A: A. sibirica; S: S. caprea; B: B. rapa.
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Fig. 1 Overview of the nest of Bombus terrestris
queenless micro-colony
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Table 2 Correlations analysis on developmental traits of Bombus terrestris queenless micro-colony
among the 7 different pollen mixtures

d Total g £ d &
Trait Foo lavine number of Total Total Total Duration Total Birth
ggelay J larval number of Total number of weight of of drone number of weight of
y . larvae  Weight of pupa pupa drone drone
ejection larvae
d
Egg laying delay
Total number of ~ 0.07925 1
larval ejection
0.26486  0.13944 1
Total number of larvae
. g 0.04547 0.22742  0.39073 1
Total weight of larvae
- 42944** -0.19963 -0.01917 - 0.20350 1
Total number of pupa
i & - 40486** - 0.31369 - 0.10352 - 0.30875 0.92449** 1
Total weight of pupa
d

. - 0.29055 0.41468** -0.28943 -0.13711 0.07039 - 0.04310 1
Duration of drone

- 0.15645 0.00275 0.14753 0.47587** -0.16182 -0.28756 - 0.16896 1

Total number of drone

) . & - 0.03618 -0.08400 0.09848 0.38420 - 0.05133 -0.08174 -0.21711 0.18069 1
Birth weight of drone
** 0<0.01 t-

**indicates significant difference at 0.01 level by #-test.

®3 THAREMIARMEEETE T RIERERS 2R
Table 3 Principal component analysis on developmental traits of Bombus terrestris queenless micro-colony among
the 7 different pollen mixtures

Principal component Eigenvalue D-value Contribution (%) Cumulative contribution (%)
1 2.6587 0.8937 0.2954 0.2954
2 1.7651 0.3166 0.1916 0.4915
3 1.4485 0.3334 0.1609 0.6525
4 1.1151 0.2916 0.1239 0.7764
5 0.8325 0.3997 0.0915 0.8679
6 0.4238 0.0505 0.0471 0.9150
7 0.3733 0.0286 0.0415 0.9565
8 0.3447 0.2975 0.0383 0.9948

9 0.0472 0.0000 0.0052 1.0000
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Table 4 Score matrix on developmental traits of Bombus terrestris queenless micro-colony among the 7 different
pollen mixtures

Trait

Principal component

1 2 3 4 5
. d 0.3110 -0.1378 - 0.5506 0.2472 0.1198
Egg laying delay
L 0.2051 -0.3710 0.4014 0.4487 0.1317
Total number of larval ejection
0.2561 0.2909 - 0.0686 0.6647 - 0.1566
Total number of larvae
. & 0.3874 0.3116 0.3533 0.1456 0.0545
Total weight of larvae
- 0.4886 0.2985 0.1590 0.3079 - 0.0024
Total number of pupa
) & -0.5284 0.2902 0.0173 0.2302 0.0315
Total weight of pupa
) d -0.1384 - 0.4846 0.4849 0.0565 0.1301
Duration of drone
0.2776 0.3060 0.3534 - 0.2852 - 0.5468
Total number of drone
. . & 0.1773 0.3999 0.1432 - 0.2057 0.7899
Birth weight of drone
5 3 0.8521
Y 0.8321 0.9493 85.21% 83.21%
Y, Y; Yy 94.93% 3
Ys Xi
X X3 3
Y1=4.33X,13.14X,1+2.88X;
Y,=33.33X,+40.53X,+41.86.X3 0.5952 0.4947
Y3=1.00X,+1.44X,+1.99.X;
Y4=29.22X7+29.72X,+26.72X; 12.65X1.X>
7.65X,X;3
Y5=0.16.X;+0.21.X,+0.15X53+0.28 X, X v =
01041792170 1470, 2804 23 WRBHIHE LT
222 EHEPAREMHREZHERE
5 -
F=19.12 P<0.01 F=74.90
P<0.01 F=64.41 P<0.01 5
2

F=9.06
F=177.84 P<0.01

P<0.01

A 2B 2D
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Fig. 2 Prediction profilers on the developmental traits of Bombus terrestris queenless micro-colony among the 7
different pollen mixtures

A S B
A: A. sibirica; S: S. caprea; B: B. rapa.

2 C =31

2 E

=1:15:15

4 9
9
3 itig .
3.1 EEMRIEREEE
5

(Rasmont et al. 2005 Vanderplanck et al. 2014)
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